The assessment of changes in the population spread of individual ichthyofauna species (lampreys and fishes) as well as the identification of unfavourable impacts is the necessary prerequisite for the correct selection of corrective measures. The river network in the Czech Republic belongs to the three sea-drainage areas (North Sea, Baltic Sea, and Black Sea). The species composition of the original ichthyofauna and the extent of the threat to some species differs in the individual sea-drainage areas. The original ichthyofauna in the Czech Republic consists of 4 lamprey species and 55 fish species. Out of this, only one lamprey species and 31 fish species originate in all three sea-drainage areas. There are 37 fish species considered as the original ones in the North Sea drainage area, there of 4 species are EX, 1 species EW, and 11 species (29.7%) are threatened. In the Baltic Sea drainage area, there are 4 species EX, 1 species EW, and 8 species (22.8%) threatened out of the total 35 assessed species. Out of 49 species in the Black Sea drainage area, there are 4 species EX and 23 species (46.9 %) threatened. The most important reasons considered as the causes of the disappearance or reduction in the presence of some fishes are the water pollution, adjustments to water flow beds, the limitation of floods in alluvial areas, the permanent river basin fragmentation, and the spread of invasive species. Out of these factors, the only positive change has been noticed in the pronounced decrease in water flow pollution after 1990. Angling is also considered as the set of targeted bio manipulation which purposefully and often one-sidedly influences fish populations for the benefit of species being interesting for the angling sport.
Introduction
The assessment of the situation and the extent of the threat to individual lampreys and fish species, considered as the original parts of the ichthyofauna in the Czech Republic, has been organised progressively after 1980. There have been a number of red lists assessing the threat to individual lamprey and fish species prepared in the course of more than 30 years. Originally, they were the lists valid for the complete river network of the three sea-drainage areas existing in Czechoslovakia (Baruš et al. 1981; Lusk 1989 ) and later in the Czech Republic (Lusk & Hanel 1996; Hanel & Lusk 2003; Lusk et al. 2004 Lusk et al. , 2011a . Most of the red lists assessed only the ichthyofauna species diversity and the extent of the threat to species. Lusk et al. (2002b) used the example of several species turning the attention to the absence of the protection of the interspecies diversity. Lusk et al. (1994) assessed the level of the threat to lampreys and fishes in 11 partial Czech river basins and Lusk (1996) did almost the same for the individual sea-drainage areas. Lojkásek & Lusk (2001) assessed the extent of the threat to ichthyofauna in the River Odra basin in the Czech Republic.
The threat assessment and classification criteria for individual taxa were in the past used in time sequence in accordance with their specification by IUCN (1994 IUCN ( , 2001 IUCN ( , and 2010 . The IUCN processes (2001 , 2012a have focussed on the assessment of individual species within their spread areas and the regional variants (IUCN 2003 (IUCN , 2012b on the use in smaller areas and hydrological systems. A number of authors have discussed the application of the IUCN instructions, e.g. Miller et al. (2007) , Rodríguez (2008) , and Rodríguez et al. (2015) .
The set up of the regional ichthyofauna red list applicable for the three sea-drainage areas existing in the Czech Republic has required the use of some divergences of the general rules (IUCN 2012a ) which have been therefore specified in details in the methodology part. We have also tried to indicate and react to some other problems related to the taxonomy and the angling management.
Methodological comments
The assessment of threat extent has been made for species considered as original in the river networks in the Czech Republic ( Fig. 1) even if the occurrence of some of them was unique or accidental. In the total, there are 4 lamprey species and 55 fishes ( Table 1) . These species mostly appear on the lists of extinct species regionally. Specifically, they are Huso huso, Acipenser sturio, Coregonus oxyrinchus (taxonomic classification of the individual occurring accidentally once in our area is not clear), Rutilus virgo, and Platichthys flesus. The presence of Gymnocephalus baloni, Sander volgensis and Umbra krameri in the River Morava basin has been proved only in recent years and we might assume that they only passed unnoticed in the past (Lusk et al. 2000 (Lusk et al. , 2002a . Proterorhinus semilunaris has been deleted from the list of original species (Lusk et al. 2011a) .
When assessing the individual taxa, there were criteria by IUCN (2001) used -for the Czech version, see Plesník & Cepáková (2005) , taking into consideration the regional variant (IUCN 2003 (IUCN , 2012a . In the course of processing, there was the following difference utilised: "Assessed region -the river network of the relevant seadrainage area in the Czech Republic has been considered as a separated area". Thus, when classifying each occurrence (accidentally found individual, a part of the population), it was assessed with disregard to the current situation in the species population in the remaining area parts of the occurrence (river basin, sea-drainage area, or continent). Because of that, the assessment within the sea-drainage area has been stricter, in the case of some species, when comparing it within the countrywide assessment and, in the case of most species, stricter than within Europe (Freyhof & Brooks 2011) . The taxa have been classified into threatened categories using the following scale: Regional Extinct (EX), Extinct in the Wild (EW), Threatened -1. Critically Endangered (CR), 2. Endangered (E), 3. Vulnerable (VU), Near Threatened (NT), and the Least Concern (LC).
Area
The surface water flow systems in the Czech Republic (78 864 km 2 ) in all sea-drainage areas ( Fig. 1) have not been interconnected, with the exception of pirate transfers of small creeks in the source areas of River Sázava and River Jihlava (Brzák 1996) and River Bečva and River Odra during the historical times. From bio geographical point of view, it is interesting that the continental Saale glacier, in the course of last transgression, caused the pushing of the Upper River Odra to the South and the River Odra was thus, for a certain time, a tributary of the River Bečva, i.e. the part of the Black Sea drainage area (Kříž 1997) . In the area of Šumava, there was the Schwarzenberg Channel built in the Middle Ages for wood floating. It even today connects the creeks in the watersheds of the North and the Black Seas.
The river networks of the three main rivers Labe, Odra and Morava have consisted, in the area of the Czech Republic, mostly of their source watershed areas. There were no obstacles in the individual watersheds in the past (till about the 15 th century) which would mean non passable barriers for fish. The original spread of individual species and the creation of fish populations were thus the result of natural development. Progressively, especially in the second half of the 19 th and in the course of the 20 th century, there were transverse constructions built which mean serious obstacles (weirs) or not passable barriers (dams) for the fish migration transfers along to the longitudinal profiles of water flows. The reservoir dams have divided watersheds of a number of water flows into not reversibly separated units (Lusk 1995; Lusk et al. 2014) .
The biggest part of the area of the Czech Republic (65.2%) belongs to the North Sea drainage area (the watershed of the River Labe). There has been the Vltava Cascade built on the River Vltava, the most important tributary of the River Labe -the nine reservoirs which have flooded the central part of the original bed of the River Vltava. From the ecological point of view, the ichthyocenoses in the upper watershed of the River Vltava, the watershed of the River Lužnice, the watershed of the River Otava and the watershed of the River Sázava have become separated. The water reservoir Nechranice also irreparably disturbed the continuity of the watershed of the River Ohře, the most important tributary in the lower part of the River Labe in the Czech Republic.
A small part of the Czech Republic (9.4%) belongs to the Baltic Sea drainage area. Out of this, 78.6% makes up the watershed of the River Odra with its main tributaries of the River Opava, River Ostravice and River Olše in Northern Moravia. The rest is made up by not as important tributaries with sources in the Czech Republic and flowing into the River Odra in Poland (the Rivers Osoblaha, Bílá voda, Bělá, Vidnávka, Lužická Nisa, and Smědá).
The area of the Czech Republic making up 25.4% belongs to the Black Sea drainage area. It is mostly the watershed of the River Morava and its most important tributary the River Dyje. Some smaller creeks in the Šumava region also belong to the Black Sea drainage area (the watersheds of Řezná u Železné Rudy, Malá Řezná u Medvědí hory, and the watersheds of Čertova voda and the Červený Creek. The same sea-drainage area relates to the flow Vlára and smaller creeks Drietomica, Klanečnica and Bošačka in the watershed of the River Váh in Slovakia. The system of water reservoirs in the watershed of the River Dyje has fragmented this hydrological complex into several ichthyologically separated parts (Lusk 1995) . The watershed of the River Morava itself has been still relatively untouched (Lusk et al. 2014) .
Identity changes
Taxonomic changes mean a problem which can complicate the assessment of the extent (level) of the threat to individual fish species and their legislative protection. This is mostly about the chance to utilise legislature when the species name was changed or the species was transferred into a different family, or when a single species was separated into more species. Specifically, this relates to the species Sabanejewia aurata (Filippi, 1865), now correctly Sabanejewia balcanica (Karaman, 1922) . The genetic analyses resulted in the situation in which the genus Romanogobio, covering the two following species with the changed species identity, has been separated from the genus Gobio. Romanogobio albipinnatus (Lukasch, 1933) in the watershed of the River Morava is now called Romanogobio vladykovi (Fang, 1943) . Beside this, another species has been recently found in the lower part of the River Labe -Romanogobio belingi (Slastenenko, 1934) , the originality of which in the watershed of the River Labe is accompanied with some doubts . Similarly, the species Romanogobio kesslerii (Dybowski, 1862) has changed its identity from the scientific name point of view to Romanogobio banaticus (Banarescu, 1960) , Mendel et al. (2008a Mendel et al. ( , 2008b . Changes in the genus names have been noticed also in some other species. The original Leuciscus cephalus is now called Squalius cephalus and similarly, instead of the genus Abramis, the species Ballerus ballerus and Ballerus sapa carry the name of a different genus.
The future situation will be probably complicated also by the revelation, acknowledgement respectively of the so-called "cryptic" species as the new independent taxa. The question remains which genetic population difference, within the existing species, will be considered as the interspecies diversity and when we will consider it as the difference between species. As an example, we can present the results of genetic analyses of Cottus poecilopus, where the populations from the watershed of the River Odra have been clearly differentiated and marked as the complex baltica and the population from the watershed of the River Dunaj (Morava, Ida) was marked as the complex danubialis .
The materials for the preparation of this red list version of lampreys and fishes in the Czech Republic have been mostly the authors' knowledge of the situation and the population development in the individual species in the course of the last 20 years, while considering the newest bibliographic data. 
Results
Ichthyofauna of the Czech Republic, according to the current assessment, consists of 4 original lamprey species and 55 original fish species (Tab. 1). Out of this, we consider as currently extinct 2 lamprey species and 7 fish species . There are differences in the number of existing species as well as in the extent of the threat related to them in river systems of the individual sea-drainage areas. A substantial part of the taxa, specifically 1 lamprey species and 31 fish species, occur in all three sea-drainage areas. The occurrence of 2 lamprey species and 20 fish species is specific only for a single sea-drainage area. One lamprey species and 4 fish species are specific only for two sea-drainage areas. 1) Acipenser ruthenus was, even in the past, a rare guest in the Rivers Morava and Dyje. There were two individuals caught in 1977 and their total lengths were 55cm and 68cm in the River Dyje (River Km 26.7) below the weir in Břeclav. Both fish were released back into the river by the anglers after they took the measurements. There is the information, from the period 1992 -1998, about unique catches of A. ruthenus of the weight about 0.5-1.0Kg. They were always released back into the water (Lusk et al. 2000 (Lusk et al. , 2002a . In May 2008, one fish of this species was caught below the weir in Břeclav (M. Horáček -Findings database of the nature protection, Agency for Nature Conservation and Landscape Protection of the Czech Republic). Considering fingerlings of this species put into waters in the Slovak part of the River Morava in recent years, we may expect casual occurrence of this species in the confluence area. 2) Anguilla anguilla is currently put into waters of the River Labe, into a part of the River Vltava watershed and into the River Odra watershed, where the adult migration is not made impossible by dams, as "monté". In other parts of the hydrological system of the Czech Republic, including the river Morava watershed, where A. anguilla is not the original species, there are only old individuals remaining from the times when the eel monté was introduced across the board.
3) The genetic analyses done recently have resulted in new knowledge about the species affiliation of the populations of the genus
Romanogobio in Czech waters. The population in the watersheds of the Rivers Morava and Dyje, considered originally as (Gobio) Romanogobio albipinnatus, are currently called as Romanogobio vladykovi (Fang, 1943) . The population occurring in the lower flow of the River Labe belongs to the taxon Romanogobio belingi (Slastenenko, 1934) . However, there are some doubts about the origin of this species in the watershed. Romanogobio kesslerii (Dybowski, 1862) in the watershed of the River Morava has been considered, especially considering the genetic differences, as Romanogobio banaticus (Banarescu, 1960) , Mendel et al. (2008a Mendel et al. ( , 2008b . 4) Sabanejewia balcanica was originally occurring in the watershed of the River Bečva (the watershed of the River Morava), where it has disappeared in the last century. The existence of this species was found in the flow of Vlára (the watershed of the River Váh), close to the Slovak borders, in 2001 (Lusk et al. 2002c) . 5) The occurrence of Umbra krameri is known in the River Morava watershed in Slovakia very close to the confluence of the Rivers Morava and Dyje (Hajdů et al. 2008) . We may expect, following the information from anglers, that the species occurred also in the Czech Republic, in the area of Hodonín, in the period of WWI. In 2007, there were several tens of individuals caught during rescue catching and they were introduced into the River Dyje watershed near Lednice (Lusk 2010) . In 2014, there was the local population found and the occurrence was confirmed also in 2015.
North Sea drainage area
Originally, there were 3 lamprey species in the River Labe watershed. The species Petromyzon marinus and Lampetra fluviatilis migrated there from the sea environment for their reproduction. Both species are currently considered as EX. Considering the current abundant occurrence of both anadromous species in the lower part of the River Labe in Germany (Adam et al. 2012) , it is expected that the occurrence of P. marinus and L. fluviatilis will be confirmed again in the River Labe in the Czech Republic in near future. Lampetra planeri is relatively wide spread in the whole River Labe system and its current assessment is VU.
There are 37 fish species considered as original in the River Labe watershed. Out of this, 6 species are diadromous as they switch between the sea and the fresh water environments. They are Salmo salar, Anguilla anguilla and rarely in the past found A. sturio, A. alosa, C. oxyrinchus and P. flesus. the last 4 named species are considered as EX. The specific taxon is Salmo trutta m. trutta, which is also considered as extinct, but its unique and rare occurrence in the Czech part of the River Labe cannot be dismissed (Vostradovský & Šmíd 1999) . From among the mentioned diadromous taxa, there has been the occurrence of S. salar so far successfully renewed at least partly in the River Labe watershed in the Czech Republic. Andreska & Hanel (2015) have analysed the reasons behind its disappearance from the River Labe. There were 4 million fingerlings put into the watersheds of the Rivers Ploučnice, Ohře and Kamenice in the period 1995 -2015. Only about 80 adults have been registered in the period (catches, found dead individuals, and observed individuals). The first spawning places and the assumed spawning were observed in 2002 (Kava 2007 (Kava , 2015 . Even if the return of S. salar has been confirmed, it has not been so far naturally reproducing and stabile population. Also, the more numerous occurrences of A. anguilla have been maintained only by the continuous imports and insertion of juvenile individuals (monté) (MŽP 2007) .
Out of the total number of 37 occurring fish species, 4 species are assessed as EX, 1 species (A. anguilla) as EW, 11 species as threatened (CE, E, VU), and 21 species not threatened (NT or LC), for more details see Table 1 .
Baltic Sea drainage area
There are 2 lamprey species and 35 fish species original in the Baltic Sea drainage area of the Czech Republic. Out of the mentioned 2 lamprey species, the diadromous L. fluviatilis has been EX for a number of years. Out of 35 fish species, 4 species are EX (the diadromous A. sturio and S. salar, Cobitis elongatoides and Vimba vimba). A. anguilla is assessed as EW. Eight species are threatened (CR, E, or VU) and the total of 22 species are not endangered (NT, LC), for more details see Table 1 .
Considering the existence of the high number of migration obstacles in the Polish part of the River Odra, the natural renewal of the occurrence of L. fluviatilis, S. salar and A. anguilla in the area of the Czech Republic might be possible only after their migration passage becomes free and after the organised repatriation. The occurrence of A. sturio in the lower part of the River Odra has not been recorded for a long time and its renewal is unrealistic even in distant future (Mamcarz 2000) .
Black Sea drainage area
There have been 2 lamprey species and 49 fish species assessed as original in the Black Sea drainage area. Eudontomyzon mariae currently occurs only in one locality in the Czech Republic and it is critically threatened there (Lusk et al. 2008; Merta 2008; Hanel et al. 2015) . The noticeably higher number of fish species, when comparing it with the previous two seadrainage areas, has been caused by the occurrence of 15 taxa, which originate exclusively in the River Dunaj watershed, in the Black Sea drainage area in the Czech Republic respectively -see Table 1 . Four species are considered as EX (Huso huso, Rutilus virgo, Cyprinus carpiothe original form Hucho hucho). Twenty-three species have been assessed as threatened at various extents (CR, EN, and VU) . This is practically a half of the occurring species. The total of 22 species has been assigned to the category indicating the minimal level of the threat (NT, LC), see Table 1 .
Discussion
The fact that some species are managed for angling means an important problem when assessing their spread and population quantitative parameters. The species which make the objects of production fish farming (C. carpio, Tinca tinca, Esox lucius, Sander lucioperca, Silurus glanis) , are regularly put into free flows for angling purposes. Salmo trutta and Thymallus thymallus, the two important species of salmon-relevant flows, have been artificially reproduced and consequently released into angling areas since the second half of the 19 th century (Frič 1872 (Frič , 1875 (Frič , 1876 (Frič , 1908 . The artificial reproduction and fingerling releases of other species started in the last third of the 20 th century (Chondrostoma nasus, Aspius aspius, S. cephalus, Leuciscus idus, Barbus barbus, V. vimba, Lota lota) for the purpose of increasing the numbers of their populations in flows (Hanel & Lusk 2005) . Some limited numbers of species (Phoxinus phoxinus, Misgurnus fosilis) were transferred with the aim to renew their occurrence or to strengthen the numbers in the existing populations (Dušek 2003; Hartvich & Šperl 2011) . These biomanipulative activities within the fish management, in most water flows in the Czech Republic, make the assessment of spread changes and of the numbers of affected species populations almost impossible.
The scope of negative effects of unfavourable impacts (the pollution, adjustments to water flow beds, hydro-technological constructions, transformations of the natural water flow rates, etc.) on individual species and the whole fish populations progressively increased during the 19 th and especially in the 20 th century. The influences of the most mentioned factors are mostly of the permanent character. The reduction or elimination of these impacts on the situation in ichthyocenoses is considered as the necessary prerequisite for their development towards the natural state.
It has been proved (Cenia 2010; Volaufová 2008 ) that out of the mentioned negative factors, only the water pollution was, even if for a relatively short time, clearly improved at the end of the 20 th and the start of the 21 st century. An important decrease in the amount of released pollutants from point sources was noticed in the Czech Republic in the period 1993-2010. The basic indicators present the reduction by 93% BSK5, 86% CHSKCr and 89% of not dissolved substances. The most important amount reduction in released pollutants took place in the 1990s. That was mainly the result of restructuring and modernising of agricultural and industrial operations and the extensive construction or upgrading of large waste water treatment plants. These facts were the reasons behind the renewal of the original fish populations proved, for example, in lower parts of the water flows of the Rivers Odra, Olše (Lojkásek & Lusk 2006) , Morava, and Dyje (Lusk & Holčík 1998; Lusk et al. 2000 Lusk et al. , 2002a .
Since 2003, the amounts of released pollutants report only a slow reduction. The positive trend in the reduction of released pollutants stopped in 2010 and, when compared with the year 2009, the amount of released pollutants slightly increased year-onyear in all monitored indicators.
The migration impenetrability of river systems has not significantly changed so far. The reservoir dams practically permanently and irreversibly separate individual parts of river networks, especially the Rivers Vltava and Dyje watersheds. After 2000, there have been the longitudinal migration passages locally renewed through flow beds in some profiles which were formerly not passable thanks to various river objects (Lusk et al. 2014) . However, there are clear proofs still missing about the effectiveness of these activities. It shows that the only problem is not the impassable migration objects, but also the extended weir reservoirs. They have the length of several kilometres in larger rivers and that completely changes the original river character of the affected water flow bed from the hydrological, hydraulic and biological points of view. For example, there are 16 impassable steps on the River Morava, in the section between the river kilometres 70 and 233.6 and the weir reservoirs cover 57% of the longitudinal profile of this river bed part. The conceptual renewal of migration penetrability of the river systems in the Czech Republic (Slavíková et al. 2009 ) has been, so far, in the introductory stage of implementation and its effect might be expected probably only in future years.
The spread of not original invasive fish species is a negative factor affecting the original fish populations (Lusk et al. 2010) . The now utilised legislative process (Act No. 114/1992 Coll.) is to the detriment of the non original species and their natural reproduction is thus almost impossible (Oncorhynchus mykiss, Ctenopharyngodon idella) or strongly limited (Salvelinus fontinalis). In opposite, the legislature does not influence the handling of typical invasive species (Carassius gibelio, Pseudorasbora parva), see Lusk et al. (2011b); Pokorná (2011) .
There are many revitalising activities currently taking place in the Czech Republic within the regional plans. However, they cover mostly small water flows (Just et al. 2005; Jakoubková 2012; Birklen & Jarošek 2014) or returns to natural state related to extreme floods like, for example, in River Bečva Klečka 2005) . The measures correcting mistakes made by adjustments of the longitudinal or the cross profiles of larger water flow beds have not been considered in the Czech Republic so far. Also, the renewal of functional flooded areas, which have been separated in the past from their main flows by dams against floods, has been mostly unrealistic thanks to the currently existing constructions and the eco system changes.
It shows that the assessment of individual impacts on the spread and on the quantitative parameters of individual species populations should become a part of the assessment of the extent of the threat to the individual species. It is just the knowledge of the decisive factors, within the time scope of the red lists' updates, which could allow for the more precise prediction of the development in populations of individual species and, consequently, for the acceptance of relevant corrective measures. From this point of view, the application of this approach seems more suitable for the ichthyofauna in smaller land areas like the river basin or its part.
